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Fission Time Projection Chamber development
- In-beam measurement of Pu-239 fission

The Pu-239 fission cross section needs to be known with very high accuracy for certain nuclear
applications, and specifically to about 1% in the neutron energy range from 100 keV to 20 MeV for
defense applications. Conventional methods for measuring fission cross sections are limited to 3-5%,
and are thus insufficient for meeting the target accuracy. A Time Projection Chamber (TPC) for high
precision fission cross sections is currently being developed in collaboration between four national
laboratories and six universities to address this nuclear data need.

A prototype of the fission TPC was first tested in a neutron beam during the 2010 LANSCE run cycle, and
was shown to meet all performance requirements. A picture of the detector installed on the 4FP90L
flight path is shown in Fig. 1. The detector was operated both with a blank target and with a U-238
sample, and particle tracks were observed both from light charged-particles and fission fragments.

An important next step for testing the TPC is to collect Pu-239 fission data with the TPC, and we are
requesting beam time on the 4FP90L flight path for this. Since Pu-239 has a fairly short half-life for
alpha-decay (24,000yr), the background events caused by alpha-particles needs to be quantified.

The sample for this measurement consists of a carbon backing with a Pu-239 deposits on one side. The
sample will be placed in on the central cathode plane of the TPC, and detector then placed in beam on
4PF90L. The number of neutron-induced fission events will be counted by registering the heavy-ion
tracks created in the gas volume of the detector, and the time-of-flight will be used to determine the
incident neutron energy. A rough cross section ratio between Pu-239 and U-235 will be calculated using
data from a U-235 fission ionization chamber placed close to the TPC.

Beam time request: 6 weeks of beam time is requested to complete the measurement. The beam time
requested is guided by the statistical accuracy required and the systematical studies needed to generate
an accurate cross section.
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Fig. 2: Visualization of a neutron-induced fission fragment track collected with the fission TPC.
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